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INTRODUCTION 
In a previous paper [l], we proved the validity of Griffiths’ inequalities 
when the Hamiltonian is given by 
and the random vector (or , ~a ,..., 0,) has the equicorrelated multivariate 
Gaussian distribution N(0, A), with A = (A+), h > 0, aii = I, and for 
i #j, aij = p = v/X. In this paper we consider the more general Hamil- 
tonian given by 
Ho = - c Juuw-~, 
1gu<vgn 
and find the explicit conditions under which Griffiths’ inequalities are valid. 
For definitions and notation the reader is referred to our previous paper.1 
MAIN THEOREM 
When the Hamiltonian of the system is given by 
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where ur denotes 1 x n vector (ur , u2 ,..., o,,) and J = (JUV) denotes the 
n x it matrix with diagonal elements zero, the partition function can be 
shown to be 
where 
z = I A-1 /V/l A-1 - )iJ p/2, (2) 
A = AI + v(uu* - I), (3) 
I denotes the n x n identity matrix, uT denotes the 1 x 71 vector with unity 
as every element, and ] M ( d enotes the determinant of matrix M. 
In this case the Gibbs’ probability density function g(u), on the space of 
configurations is given by 
where 
g(u) = (1 W-l /‘/“/(2~r)“/“) exp{-(uTW-%r)/2}, 
W-1 = A-1 - ,fj J. 
(4) 
(5) 
In order that g(u) is a well-defined probability density, W-l should be a 
positive definite matrix. Since we have a closed form for A-l, we can obtain a 
condition for W-1 to be positive definite in terms of X, p and JuV by using 
the following. 
LEMMA 1. Let M = (mlcl , 1 < k, 1 < n) be a symmetric matrix. Iffor all 
k = 1, 2 ,..., n, 
cl 1 mkl 1 < mkk , (6) 
k#L 
then M is a positive definite matrix. 
A proof of this lemma may be found on page 333 in GraybilL 
Now, since 
W-1 x A-1 - ,tj J
with 
(7) 
1 1 A-1 = h 
[ 
(1 _ p) I - 
(1 - p) [l: (n - l)p] uuT 1 ’ (8) 
for -l/(n - 1) < p < 1 and 
,$ i J 
kZ 
< t1 - P> + @ - ‘> (P - 1 P 1) 
Z=l 41 - P) 11 + (n - 1) PI 
k#l 
(9) 
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would imply that W-l is a positive definite matrix. (In the ferromagnetic 
case, we need JIcl 3 0, for which we require the additional assumption, 
-1/(2n - 3) < p). 
Next, in order to establish Griffiths’ inequalities, we need to show wkl > 0. 
For this, we need the following. 
LEMMA 2. Let M-l = (mij, 1 < i, j < n) be a positive de$nite n x n 
matrix with mij < 0 for all i #j. Then every element of the matrix M = (mij) 
is positive, i.e., mii > 0. 
A proof of this lemma may be found in [2, p. 3231. 
Now we can state the main result as 
THEOREM. In case of an equicorrelated Gaussian spin conjguration model, 
with attractions Jkl 3 0, between spin sites k and 1 satisfying 
- t1 -p)[l ccn- l)p1 <VJM, fork,l=1,2,...,n (IO) 
jy i Jkl < (1 - PI + (n - 1) (P - I P I) 
Z=l (1 -p) p + (n _ l)pI y forallk, l= 1,2,...,n (11) 
k#l 
and for 
-1/(2n - 3) < p < 1, (12) 
we have GrisJiths’ inequalities 
(“kul) 3 0, for k, 1 = 1, 2 ,..., n (13) 
and 
for k, 1, u, v = 1,2 ,..., n. (14) 
Proof. Since the Gibbs’ probability density function is the well-known 
multivariate Gaussian distribution given by (4), we have 
(“kul) = wkZ - (15) 
We need condition (11) in order that W-l be a positive definite matrix. 
Further, for k # 1, wkz < 0 if and only if 
- (1 - p) [I $ (n - 1) p] < ‘jgJkz * (16) 
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Now we can apply Lemma 2, and see that condition (10) implies wkl > 0. 
Next, we can apply Lemma 3 from our previous paper [l], and see that (14) 
is valid. 
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